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Abstract: Introduction: Evidence supports the clinical applicability of near-infrared spectroscopy (NIRS) in intracranial
hematoma detection in prehospital settings. This systematic review and meta-analysis aimed to determine the diagnos-
tic yield of NIRS for detecting intracranial hematoma in traumatic brain injury (TBI) patients. Methods: A systematic
search was performed in July 2024 in Medline, Embase, Scopus, and Web of Science databases. We included studies that
evaluated the diagnostic performance of NIRS in detecting intracranial hematoma in both adult and pediatric patients
suspected of TBI in prehospital or emergency settings, using brain computed tomography (CT) scan or magnetic reso-
nance imaging as the gold standard. Results: Eighteen studies enrolling 2979 patients were included. NIRS exhibited
an Area Under the Curve (AUC) of 0.91 (95% confidence interval [CI]: 0.88, 0.93), with a sensitivity of 0.86 (95% CI: 0.78,
0.91), and specificity of 0.82 (95% CI: 0.72, 0.89) across all age groups. In children, the results demonstrated an AUC of
0.92 (95% CI: 0.89, 0.94), sensitivity of 0.95 (95% CI: 0.21, 1.00), and specificity of 0.81 (95% CI: 0.65, 0.91). Among adults,
the AUC was 0.91 (95% CI: 0.88, 0.93), with sensitivity and specificity of 0.86 (95% CI: 0.78, 0.92) and 0.83 (95% CI: 0.70,
0.91), respectively. Performance improved when NIRS was operated by non-physicians (AUC = 0.94 [95% CI: 0.91, 0.96],
sensitivity = 0.90 [95% CI: 0.79, 0.95], specificity = 0.85 [95% CI: 0.71, 0.93]) compared to physicians (AUC = 0.90 [95% CI:
0.87, 0.92], sensitivity = 0.88 [95% CI: 0.77, 0.94], specificity = 0.75 [95% CI: 0.59, 0.76]). Patients’ age group and operator
type were identified as potential sources of heterogeneity. Sensitivity analyses confirmed the robustness of the findings,
particularly in mild TBI cases and studies implementing a OD > 0.2 as the threshold for a positive NIRS result. Conclu-
sion: NIRS proves to be an effective diagnostic tool for detecting traumatic intracranial hematoma in both pediatric and
adult groups, with high sensitivity and specificity. Its utility in prehospital triage, operated by physicians or paramedics,
underscores its potential for broader clinical application.
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1. Introduction 69 million cases diagnosed with TBI every year. Intracra-

nial hematoma is the leading cause of mortality and dis-
Traumatic Brain Injury (TBI) is a global health burden and . 8 K . Y
. .. . ability after severe TBI (2). Evaluating patients suspected of
remains one of the most significant causes of mortality and . . . L.
. . . TBI involves a thorough physical examination, determining
morbidity among people of all ages worldwide (1). The in-

cidence of TBI is on the rise globally and is reported to be
approximately 939 cases per 100,000 and there are nearly

the severity of injuries, assessing consciousness levels using
the Glasgow Coma Scale (GCS), and evaluating the risk of
intracranial hemorrhage (ICH), a frequent severe complica-
tion. Early and precise detection of such conditions is par-

ticularly vital in the prehospital stage, where initial identifi-
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cost, and radiation exposure.
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Near-Infrared Spectroscopy (NIRS) has recently been inves-
tigated for its potential to provide rapid, safe, and effective
diagnosis without the need for complex equipment or ex-
posing patients to radiation (4-6). NIRS works by the trans-
mission of near-infrared light through cranial structures to a
certain depth. This technology utilizes the distinct absorp-
tion properties of chromophores within the skull, primarily
oxyhemoglobin and deoxyhemoglobin, which absorb near-
infrared light mainly at wavelengths ranging from 700 to 1000
nm (7). As NIRS measures the differential absorption across
various cranial areas, it allows for the detection and moni-
toring of intracranial physiological and pathological changes.
The method excels in identifying areas where extravascular
blood, which has a higher concentration of hemoglobin due
to hemorrhage, absorbs more near-infrared light compared
to normal tissue (8). This capability makes NIRS an effective
tool for detecting ICH.

Furthermore, NIRS can be performed quickly, does not re-
quire extensive technical training, and is safe for both pa-
tients and healthcare providers since it involves no radiation
exposure (9). These features potentially make NIRS a valu-
able diagnostic tool, particularly in settings where CT scans
are unavailable.

There is currently inconclusive evidence to support the clin-
ical applicability of NIRS in intracranial hematoma detec-
tion and patients’ triage at the prehospital or low-facility set-
tings when CT is not accessible. This systematic review and
meta-analysis aimed to gather all current evidence and de-
termine the diagnostic yield of NIRS for detecting intracra-
nial hematoma in TBI patients.

2. Methods
2.1. Study design and setting

The present systematic review and meta-analysis was de-
signed and conducted adhering to the preferred reporting
items for systematic review and meta-analysis of diagnostic
test accuracy studies (PRISMA-DTA) (10). Although the study
protocol has not been previously registered or published, our
approach aligns with rigorous standards.

This study aimed to comprehensively examine the diagnostic
value of NIRS for detecting intracranial injury among adult
and pediatric patients with suspected TBI. The study proto-
col defines the population (P), index test (I), and target con-
dition (T) as follows: P: Adult and pediatric patients with sus-
pected TBI. I: Performing NIRS in a prehospital or ED setting.
T: Presence of intracranial hematoma confirmed by brain CT
scan or magnetic resonance imaging (MRI).

2.2. Search strategy

The search strategy involved selecting relevant keywords
from existing literature, exploring MeSH and Emtree terms,
and consulting field experts. Online databases, including
Medline (via PubMed), Embase, Scopus, and Web of Science,
were searched until July 13th, 2024, using the identified key-

words, standard tags, and Boolean operators. Additionally,
manual searches were conducted on Google, Google Scholar,
as well as forward and backward citation tracking of included
studies. No restrictions were imposed on language or publi-
cation date.

We intended to translate articles in languages other than En-
glish using online services such as Doc Translator, and then
have them reviewed by an expert translator fluent in both the
original language and English to ensure accuracy. However,
all of the relevant studies retrieved were written in English.
Appendix 1 provides the search queries used across all ex-
plored databases.

2.3. Selection criteria

The inclusion criteria encompassed observational studies
assessing the performance of NIRS in detecting intracra-
nial hematoma among patients with suspected TBI. Exclu-
sion criteria included studies using reference standards other
than CT or MRI, prognostic studies, lack of reporting suf-
ficient data for meta-analysis of diagnostic accuracy stud-
ies. Additionally, animal studies, studies not assessing our
outcome, non-traumatic brain injuries, abstracts, review ar-
ticles, and studies not reporting the required data were ex-
cluded.

2.4. Screening and data collection

Records obtained from systematic and manual searches were
imported into Endnote version X9.0 software (Clarivate Ana-
lytics, Philadelphia, PA, USA), with duplicates removed. Two
independent reviewers screened titles and abstracts, retriev-
ing full texts of potentially relevant articles. Eligible articles
were selected based on established inclusion and exclusion
criteria for entry into the meta-analysis. Two independent re-
viewers assessed full-text articles and recorded relevant data
using a pre-designed checklist. Disagreements between re-
viewers were resolved through discussion and consultation
with a third author.

Data extracted included study characteristics (author, publi-
cation year, country), study design, sample size, mean age,
male number, patient settings, TBI severity, identification
of TBI on admission imaging, NIRS operator, NIRS device
model, NIRS cutoff, interval of trauma and conduction of
spectroscopy, reference standard, interval of spectroscopy
and first imaging study, interval of trauma and first imag-
ing, patients’ age group, and diagnostic performance indica-
tors (sensitivity, specificity, false/true positives/negatives). In
cases where sensitivity or specificity data were unavailable, a
cross table was constructed using the results of both the in-
dex test and reference standard, enabling manual calculation
of necessary diagnostic values.

2.5. Quality assessment and certainty of the evi-
dence

The risk of bias in included studies was assessed using the
Quality Assessment of Diagnostic Accuracy Studies version 2
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(QUADAS-2) tool (11).

Two reviewers independently evaluated studies based on
QUADAS-2 guidelines, which assess risk of bias and appli-
cability across domains including patient selection, index
test, reference standard, and flow and timing. Disagreements
were resolved through discussion or consultation with a third
reviewer.

The level of evidence was determined using the Grading of
Recommendations, Assessment, Development, and Evalua-
tions (GRADE) framework (12). Each outcome’s level of evi-
dence was assessed by considering risk of bias, imprecision,
inconsistency, indirectness, and publication bias, as outlined
in the GRADE framework.

2.6. Statistical analysis

We utilized STATA 17.0 (StataCorp LLC, College Station, TX,
USA) to conduct the analyses. Given the anticipated method-
ological and clinical heterogeneity, we applied a random-
effects model. The "midas" package was employed to com-
pute the area under the receiver operating characteristic
curve (AUC), sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), diagnostic odds ratio
(DOR), and diagnostic score with their corresponding 95%
confidence intervals (CIs). Summary receiver operating char-
acteristic (SROC) curves were constructed for the discrim-
inative ability of NIRS in detecting intracranial hematoma.
Statistical heterogeneity was assessed using the I? statistic
and the chi-squared test, with p<0.1 or I>50% indicating sig-
nificant heterogeneity. Publication bias was evaluated using
Deek’s asymmetry funnel plot.

Subgroup analyses were conducted based on age group
(adults vs pediatrics) and NIRS operator (physician vs non-
physician). Furthermore, sensitivity analyses were per-
formed on mild TBI patients, from studies using the prede-
fined cutoff of OD>0.2 as positive index test, as well as those
utilizing the Infrascanner2000 (Infrascan Inc., Philadelphia,
USA), to explore the impact of those variables on the effect
sizes.

3. Results
3.1. Study selection

A systematic search across four electronic databases yielded
5552 records. After removing duplicates, 2679 articles’ ti-
tles and abstracts were screened, and the full text of 123
documents was reviewed. Forward and backward citation
tracking of included studies, as well as searches on Google
and Google Scholar, yielded three additional eligible articles
based on our inclusion and exclusion criteria. Among the
evaluated studies, one utilized doppler ultrasonography as
the reference standard (13) and one assessed the prognos-
tic value of NIRS (14). Also, studies were excluded for lack
of sufficient data for quantitative synthesis, animal studies,
no desired outcomes, non-traumatic brain injury, abstracts,
review studies, and not reporting the required data (Figure 1).
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Ultimately, data from 18 papers were extracted and included
in the analysis (4-8, 15-27).

All included studies were prospective cohort or cross-
sectional studies with the design suitable for diagnostic ac-
curacy, which recruited patients with suspected head injuries
in ED or pre-hospital settings. There were five studies on pe-
diatrics and 14 on adults. Three studies included mild TBI
(GCS 13-15) patients, one mild to moderate (GCS 9-15), one
moderate to severe (GCS 3-12), and the rest either included
Stud-
ies utilized two different definitions of hematoma as posi-
tive reference standard; 12 used any size hematoma, 3 used
hematoma volume >3.5 ml and depth <2.5 cm (<3.5 cm in

all severities nor not reported the GCS of patients.

one study), and 3 studies reported data for both definitions.
In the latter case, we utilized data of any size hematoma for
meta-analysis. Among the included studies, 10 utilized In-
frascanner 2000 (Infrascan Inc., Philadelphia, USA) as the
index test. Based on delta optical density (OD) between
two symmetric points of skull, fifteen studies had utilized
predefined criteria (OD>0.2 or OD>0.45) for positive index
test. The operators who performed scanning with NIRS were
physicians in 7 and paramedics, technicians or trained non-
physician staff in 7 studies. Summary characteristics of the
included studies are presented in Table 1.

3.2. Risk of bias assessment

Based on our assessment of the quality of included studies
using the QUADAS-2 tool, four studies were rated as low risk,
while fourteen raised some concerns. Studies with potential
risk of bias had limitations related to the sampling process
(non-random or non-consecutive sampling), not using pre-
defined cutoff points of OD, lack of statement that CT scan
results were interpreted without the knowledge of the results
of NIRS, and not utilizing the same reference standard for all
patients (Table 2).

3.3. Diagnostic value of NIRS in detecting in-
tracranial hematoma

Eighteen studies assessed the diagnostic performance of
NIRS for detecting intracranial hematoma, enrolling a total
of 2979 patients with suspected TBI, among whom 825 (28%)
were diagnosed with intracranial hematoma in the first ad-
mission imaging. Pooled analysis showed an AUC of 0.91
(95% CI: 0.88, 0.93; Figure 2), sensitivity of 0.86 (95% CI: 0.78,
0.91), and specificity of 0.82 (95% CI: 0.72, 0.89) (Figure 3).
PLR and NLR were 4.8 (95% CI: 2.9, 8.0) and 0.17 (95% CI:
0.11, 0.28), respectively (Figure 4). Diagnostic score and DOR
were 3.34 (95% CI: 2.47, 4.20) and 28 (95% CI: 12, 67), re-
spectively (Figure 5). There was considerable heterogeneity
among the studies (IZ = 97% [95% CI: 95, 99]). No evidence
of publication bias was detected in the analyzed studies (p =
0.681; Figure 6).
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3.4. Subgroup analysis

Pooled data analysis from 5 studies on 653 children with
suspected TBI demonstrated the AUC of 0.92 (95% CI: 0.89,
0.94), sensitivity of 0.95 (95% CI: 0.21, 1.00), and specificity of
0.81 (95% CI: 0.65, 0.91) in detecting intracranial hematoma
(I = 0.0%) (Table 3). AUC, sensitivity, and specificity for
adults were 0.91 (95% CI: 0.88, 0.93), 0.86 (95% CI: 0.78, 0.92),
and 0.83 (95% CI: 0.70, 0.91), respectively. The patients’ age
group was a potential source of heterogeneity since data of
pediatric population was homogenous. NIRS demonstrated
higher performance when done by non-physicians (AUC =
0.94 [95% CI: 0.91, 0.96], sensitivity = 0.90 [95% CI: 79, 0.95],
specificity = 0.85 [95% CI: 0.71, 0.93]) compared to physi-
cians (AUC = 0.90 [95% CI: 0.87, 0.92], sensitivity = 0.88 [95%
CI: 0.77, 0.94], specificity = 0.75 [95% CI: 0.59, 0.76]; 12 =
0.0%) (Table 3). The NIRS operator was also another poten-
tial source of heterogeneity.

3.5. Sensitivity analysis

Sensitivity analysis on mild TBI patients resulted in an AUC of
0.97 (95% CI: 0.95, 0.98) sensitivity of 0.97 (95% CI: 0.73, 1.00)
and specificity of 0.79 (95% CI: 0.54, 0.93). Another sensitiv-
ity analysis on studies with a predefined cutoff of OD>0.2 for
assuming positive NIRS, resulted in an AUC of 0.92 (95% CIL:
0.89, 0.94), sensitivity of 0.87 (95% CI: 0.76, 0.93), and speci-
ficity of 0.83 (95% CI: 0.71, 0.91). Another sensitivity analy-
sis on 12 studies that utilized the Infrascanner2000 (Infrascan
Inc., Philadelphia, USA), yielded an AUC 0f 0.91 (95% CI: 0.88,
0.93), sensitivity of 0.89 (95% CI: 0.80, 0.94), and specificity of
0.77 (95% CI: 0.62, 0.87).

3.6. Certainty of evidence

The level of evidence regarding the diagnostic performance
of NIRS for detecting intracranial hematoma was down-
graded due to potential concerns about the risk of bias and
was scored as moderate. Although there was substantial het-
erogeneity among the studies, we identified some potential
sources for it and thus did not downgrade for inconsistency
(Table 4).

4, Discussion

NIRS is a useful tool for detecting the traumatic intracranial
hematoma in both pediatric and adult groups. High sensi-
tivity and specificity are observed when physicians as well as
paramedics utilize NIRS device, therefore it can be consid-
ered an efficient tool in prehospital triage.

However, this prehospital tool is more precise when detect-
ing large, unilateral, superficially located hematoma lesions,
and cannot be considered as a replacement for brain CT-
scan. NIRS can also be a useful tool in triage of TBI pa-
tients with limited time available, in overcrowded emergency
rooms, as well as decision making for situations when trans-
porting the trauma patients to a center with neurosurgical
equipment is considered. In addition, NIRS is a valuable de-

vice to perform the initial screening of TBI patients in the
centers that CT scan or MRI is not available.

In this systematic review and meta-analysis, we assessed
the diagnostic accuracy of NIRS in detection of intracranial
hematoma in TBI patients. This systematic review and meta-
analysis show that NIRS could be useful as a supplementary
decision tool for screening patients with head injury. Meta-
analysis resulted in a high sensitivity and specificity of NIRS
in detecting intracranial hematoma. Also, the results demon-
strated no superiority of diagnostic performance when the
operator was a physician; therefore, NIRS could be used by
paramedics or trained technicians in a prehospital environ-
ment (5, 7, 19, 25). NIRS can be considered a fast, non-
invasive, simple, and portable device that is carefully placed
on the scalp and allows for reliable detection of intracranial
hemorrhage (23, 24). This screening tool was first utilized
more than forty years ago by EF Jobsis for monitoring cere-
bral tissue oxygenation. NIRS is based on reflection of non-
ionizing and safe light with a wavelength of 700 to 1000 nm
that passes through scalp, skin, and tissue, making it appro-
priate for use in radiation-sensitive groups (28).

In a systematic review conducted by Viderman et al., the sen-
sitivity and specificity of NIRS for detecting intracranial hem-
orrhage were reported to be 90% and 77%, respectively (no
CI obtained). The sensitivity of NIRS is slightly higher than
that computed in this study. Also, the specificity of NIRS was
assessed to be lower by 6%. This controversy could origi-
nate from two key differences. First, no meta-analysis was
performed in the aforementioned study, and the pooled esti-
mation was not based on robust methodology. Additionally,
the number of included papers in that study is half that of
our study, as the search was only conducted in PubMed and
Google Scholar. Another meta-analysis published in 2017,
demonstrated a sensitivity of 78% and specificity of 90% by
pooled data analysis from 6 out of the 18 studies included in
our meta-analysis (7, 28). This demonstrates the importance
of applying NIRS in various clinical settings to reveal the po-
tential factors impacting the diagnostic accuracy of the de-
vice.

The higher sensitivity of the device in the pediatric popula-
tion can be explained by the fact that children have thinner
scalps, which can lead to more NIRS signal detection and
less noise alteration (29). However, further research is re-
quired to confirm the results, as there are only three studies
on the pediatric population with TBI. Besides the patients’
age group, the specialty of the operator (either physicians
or nurses/paramedics) was considered as another potential
source of heterogeneity.

NIRS is a useful device, which makes rapid identification
of intracranial hematoma in TBI patients easier and can
be used for prehospital screening (28, 29). This advantage
could also aid in diagnosis of TBI patients in medical cen-
ters in which no CT- scan is available. Moreover, prehospi-
tal triage of TBI patients could potentially result in a more
accurate transportation of the patients, especially when a
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craniotomy-equipped specialized hospital is favored. Our
study highlighted the acceptable diagnostic accuracy of NIRS
as ascreening tool for detecting intracranial hemorrhage, but
the efficacy of applying this tool in improving the patients’
outcomes remains undetected. The study of Schober et al.
evaluated the feasibility of NIRS for detection of intracra-
nial hematoma in the helicopter emergency medical service
(HEMS) setting (20, 30). This study showed some drawbacks
of NIRS within the HEMS setting. Applying NIRS on healthy
volunteers showed a significant occurrence of false positives
when the scanning results was taken by the first attempt.
Consequently, this approach was considered ineffective as it
actually required more time-consuming repeated measure-
ments. The high false positive rate in the study could be orig-
inated from the type of device as well. This is one important
confounder and no published studies are available to directly
compare the diagnostic accuracy between different portable
NIRS devices.

Despite the advantages of the NIRS method for identifying
intracranial hematomas and acceptable diagnostic accuracy
results mentioned above, there are several limitations for this
device. The size and depth of intracranial hemorrhage from
the brain surface seem to be major factors affecting sensi-
tivity and specificity of NIRS. There are limitations for NIRS
device for identifying traumatic intracranial hemorrhage le-
sions smaller than 3.5 mm within a depth of more than 2.5
cm. On the other hand, the portable NIRS cannot determine
the precise size and exact location of hematoma (6, 21, 31).
The utility of NIRS in identifying symmetrical bilateral ab-
normalities is limited. In addition, near-infrared technology
cannot reliably identify chronic subcutaneous hematoma.
Therefore, this triage tool is more useful for detecting large,
unilateral, superficial hematoma lesions (16, 17, 29). It is
worth mentioning that, studies have stated that skin pigmen-
tation and hair type can potentially affect the accuracy of the
NIRS. The possible explanation can be altering the pathway
of penetration of the non-ionizing light in presence of darker
skin or thick hair (21, 23, 28).

5. Limitations

This study has certain limitations that should be acknowl-
edged. Firstly, there was significant heterogeneity across the
included studies, which we aimed to address the potential
sources through sub-group analyses based on age groups
and NIRS operators. However, limited data availability hin-
dered further subgroup analyses based on factors such as
TBI severity, hematoma types, or the timing of NIRS assess-
ment in relation to injury. Secondly, the QUADAS-2 risk of
bias assessment tool identified concerns regarding potential
biases in multiple domains, including patient selection, in-
dex test application, reference standard implementation, or
study flow and timing, across the majority of the included
studies.
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6. Conclusion

This systematic review and meta-analysis demonstrated the
promising diagnostic utility of NIRS for detecting intracra-
nial hematoma in patients with TBI. Across multiple studies,
NIRS exhibited high diagnostic accuracy, with consistent per-
formance noted in both adult and pediatric populations. The
technique was proved to be particularly well in cases of mild
TBI and when operated by non-physician personnel, under-
scoring its potential for broader implementation in prehospi-
tal and resource-limited settings. While not intended as a re-
placement for CT scan or MRI, NIRS can serve as an effective
triage tool to identify patients requiring urgent neuroimag-
ing and neurosurgical intervention. However, future research
should explore strategies to enhance NIRS capabilities and
evaluate its real-world impact on clinical decision-making.
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JE1NEBH Characteristics of the included studies

Author Sample size, TBI Definition of | Interval NIRS NIRS device OD cutoff |Reference Age
mean age (yrs), | severity | hematomain |of trauma| Operator for positive | stan- | group
male number imaging to NIRS scan dard
Akyol, 2016, 151, 49.9, 77 Mild Any size NR ED Infrascanner NR CT scan | Adult
Turkey hematoma physicians
Bressan, 103, NR, 57 Mild Any size <12hr Physicians | Infrascanner model OD>0.2 | CT scan |Pediatric
2013, Ger- hematoma 1000
many
Coskun, 92, NR, NR NR Any size NR Paramedics Infrascanner2000 OD>0.2 |CTscan| Adult
2010, Turkey hematoma (Infrascan Inc.,
Philadelphia, USA)
Coskun, 161, NR, NR NR Any size NR Paramedics Infrascanner2000 OD>0.2 |CT scan |Pediatric
2010, Turkey hematoma (Infrascan Inc.,
Philadelphia, USA)
Esmaeili, 300, 39.4,255 | Mild To Any size <12hr | Technicians | Infrascanner2000 OD>0.2 |CTscan | Adult
2022, Iran Moder- hematoma (Infrascan Inc.,
ate Philadelphia, USA)
Francis, 64, NR, NR NR Any size NR NR NR (760 nm) Not CT scan | Adult
2005, India hematoma predefined
Ghalenoui, 148, 36.8, 94 NR Any size NR Physicians | CrainScan, BYTEC, | OD>0.45 |CTscan | Adult
2008, Iran hematoma Germany.
Gramer, 500, 55.4, 289 All Any size NR NR Infrascanner2000 OD>0.2 |CTscan| Adult
2023, severities| hematoma (Infrascan Inc.,
Uganda Philadelphia, USA)
Kessel, 2007,| 110, 56.2, 64 All Any size NR Trained staff | CrainScan, BYTEC, | OD>0.45 |CTscan | Adult
Israel severities| hematoma Germany
Kirschen, 344, 9.5, 225 All All hematomas NR Research Infrascanner2000 OD>0.2 | CT scan |Pediatric
2021, USA severities coordinators (Infrascan Inc.,
and Philadelphia, USA)
assistants
Kontojannis, | 205, 48.3, 160 All Any size NR Trained neu- | Infrascanner2000 OD>0.2 |CTscan | Adult
2019, UK severities hematoma rosurgeons (Infrascan Inc.,
Philadelphia, USA)
Leon- 35,47.6, 29 All Any size NR Trained Infrascanner2000 OD>0.2 |CTscan| Adult
Carrion, severities| hematoma hospital (Infrascan Inc.,
2010, Spain personnel, Philadelphia, USA)
Liang, 2016, 102, 41.0, 58 All Hematoma vol NR Trained Infrascanner2000 OD>0.2 |CTscan| Adult
China severities| >3.5mland operators (Infrascan Inc.,
depth <2.5cm Philadelphia, USA)
Peters, 2017, 22,56.3,13 All Any size < 24hr HEMS Infrascanner2000 Not CTscan | Adult
Netherlands severities| hematoma physicians (Infrascan Inc., predefined
Philadelphia, USA)
Peters, 2017, 3,9.3,2 Moderate Any size < 12hr HEMS Infrascanner2000 not CT scan | Pediatric
Netherlands To Severe| hematoma physicians (Infrascan Inc., predefined
Philadelphia, USA)
Robertson, 365, 36.7, 273 All Any size NR Trained NR (808 nm) OD>0.2 |CTscan | Adult
2010, USA severities| hematoma operators
and India
Semenova, 42,9.1, 26 Mild Any size NR Neurosurgeon| Infrascanner model | DOD > 0.2 | CT scan | Pediatric
2016, Russia hematoma 1000
Trehan, 100, NR, 69 All Any size NR NR CrainScan, BYTEC, | OD>0.45 | CT scan| Adult
2017, India severities| hematoma Germany
Xu, 2017, 85, 48.3, NR All Hematoma vol NR Trained Infrascanner2000 OD>0.2 |CTscan | Adult
China severities| > 3.5 mland operators (Infrascan Inc., / MRI
depth <2.5cm Philadelphia, USA)
Yuksen, 47,70.3,21 Mild | Hematomavol [ <72hr Trained Infrascanner2000 Not CT scan | Adult
2020, Thai- > 3.5 ml and emergency (Infrascan Inc., predefined
land depth <3.5cm physician Philadelphia, USA)

Yrs: years; TBI: traumatic brain injury; NR: not reported; vol: volume; NIRS: near infrared spectroscopy; HEMS: helicopter Emergency
Medical Service; OD: delta optical density; CT scan: computed tomography scan; hr: hours; ED: emergency department.
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E1N P Risk of bias assessment of the included studies based on the QUADAS-2 tool

Study Risk of bias Applicability Overall
Patients’ Index Reference | Flowand | Patients’ | Index Reference
selection test standard timing | selection test standard

Akyol, 2016 Low Low Low Low Low Low Low Low
Bressan, 2013 High Low Low High Low Low Low Some Concern
Coskun, 2010 Unclear Low Low Low Low Low Low Some Concern
Esmaeili, 2022 Unclear Low Low Low Low Low Low Some Concern
Francis, 2005 High High Low Unclear Low Low Low Some Concern
Ghalenoui, 2008 Low Low Low Low Low Low Low Low
Gramer, 2023 Low Low Low Low Low Low Low Low
Kessel, 2007 High Low Low Low Low Low Low Some Concern
Kirschen, 2021 High Low Low High Low Low Low Some Concern
Kontojannis, 2019 Low Low Low Low Low Low Low Low
Leon-Carrion, 2010 Unclear Low Low Low Low Low Low Some Concern
Liang, 2016 High Low Low Low Low Low Low Some Concern
Peters, 2017 Low High Low Low Low Low Low Some Concern
Robertson, 2010 Unclear Low Low Low Low Low Low Some Concern
Semenova, 2016 High High Unclear Unclear Low Low Low Some Concern
Trehan, 2017 Unclear Low Low Low Low Low Low Some Concern
Xu, 2017 High Low Low High Low Low Low Some Concern
Yuksen, 2020 Unclear High Low Low Low Low Low Some Concern

High: high risk of bias; Low: low risk of bias; Unclear: unclear risk of bias.

JENERH Subgroup analysis of the diagnostic performance of NIRS for detecting intracranial hematomas in patients with suspected TBI

Subgroup Observa- | AUC (95% | Sensitivity (95% | Specificity (95% | PLR (95% NLR (95% | DOR (95% 2
tions (N) CI) CI) CI) CI) CI) CI)

Age group

Adult 15 0.91 0.86 (0.78,0.92) | 0.83(0.70,0.91) | 5.0 (2.7-9.4) 0.17 30 (11-81) | 97%
(0.88-0.93) (0.10-0.27)

Pediatric 5 0.92 0.95 (0.21, 1.00) | 0.81 (0.65, 0.91) 5.1 0.06 79 (1-8618) | 0%
(0.89-0.94) (2.3-11.5) (0.00-3.89)

NIRS Operator

Physicians 8 0.90 0.88 (0.77,0.94) | 0.75(0.59, 0.86) | 3.5 (1.9-6.3) 0.16 21 (6-82) 0%
(0.87-0.92) (0.07-0.36)

Non-physicians 8 0.94 0.90 (0.79, 0.95) | 0.85(0.71,0.93) 6.0 0.12 49 (16-152) | 95%
(0.91-0.96) (3.0-12.0) (0.06-0.26)

NIRS: near-infrared spectroscopy; TBI: traumatic brain injury; CI: Confidence interval; AUC: Area under the curve;

DOR: Diagnostic odds ratio; NLR: Negative likelihood ratio; PLR: Positive likelihood ratio.

Certainty of the evidence based on the GRADE framework

Outcome | Sample size | Risk of bias | Imprecision | Inconsistency (I”) | Indirectness | Publication bias| Level of evidence*

Intracraniall 2979 Some Not present Not present Not present Not present Moderate

hematoma concern

GRADE: Grading of Recommendations, Assessment, Development, and Evaluations.
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The PRISMA flow diagram depicts the flow of the study selection process through the different phases of the present systematic
review. PRISMA: preferred reporting items for systematic review and meta-analysis.
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Summary Receiver Operating Characteristic Curve of near-infrared spectroscopy (NIRS) in detecting intracranial hematoma; SENS:
sensitivity; SPEC: specificity; AUC: area under the curve.
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Studyld 1 SENSITIVITY (95% CI} Studyld i SPECIFICITY (95% CI)
I |
Yuksen /2020 —Jl-o 00 [0.72 - 1.00] Yuksen /2020 —.— ‘L 0.44 [0.28 - 0.62]
Xw2017 1 96 [0.85 - 0.99] Xw2017 +® | 0.93[0.80-0.98]
Trehan/2017 - : 0.58 [0.46 - 0.71] Trehan/2017 - } 0.43 [0.26 - 0.61)
Semenova/2016 —‘l-‘ 00 [0.63 - 1.00] Semenova/2016 4‘" 0.91[0.76 - 0.98]
Robertson/2010 - 0.69 [0.58 - 0.78] Robertson/2010 ® | 091[087-094]
Peters/2017 —1—- 00 [0.03 - 1.00] Peters/2017 -+ 0.50 [0.01 - 0.99)
Peters/2017 —® | 0.85[0.55-0098] Peters/2017 —%— | 0.78[0.40-0.97]
Liang/2016 L 00 [0.86 - 1.00] Liang/2016 ls | 094[056-0.95]
Lean_carnon/2010 —;o- 0.89 [0.67 - 0.99] Leon_carrion/2010 —f— 0.81 [0.54 - 0.96]
Kontojannis/2019 b | 0.75 [0.64 - 0.83] Kontojanms/2019 L | 0.51 [0.41 - 0.60]
Kirschen/2021 - : 0.58 [0.41 - 0.74] Kirschen/2021 . } 0.68 [0.62 - 0.73)
Kessel2007 — 0.68 [0.48 - 0.84] Kessel2007 I® | 0.95[0.88-0.99]
Gramer/2023 l 0.86 [0.77 - 0.92] Gramer/2023 ‘[ ® | 0.96[0.93-0.97]
Ghalenoui/ 2008 ;- 0.89 [0.77 - 0.96] Ghalenoui/2008 -; 0.78 [0.68 - 0.86]
Francis/2005 0.82 [0.48 - 0.98] Francis/2005 |®| 1.00[0.93-1.00]
Esmaeili2022 0.95 [0.91 - 0.97] Esmaeili2022 -}- 0.87[0.79 - 0.93]
Coskun/2010 0.86 [0.57 - 0.98] Coskun/2010 - ‘L 0.64 [0.56 - 0.72)
Coskun/2010 0.88 [0.47 - 1.00] Coskun/2010 - 0.38 [0.28 - 0.49]
Bressan/2013 : . 00 [0.03 - 1.00] Bressan/2013 } ® | 0.53[0.86-0.97)
Akyol2016 —®%- | 0386[042-1.00] Akyol2016 -l 0.67[0.58 - 0.74]
I |
COMBINED ? 0.86[0.78 - 0.91] COMBINED <§: 0.52[0.72 - 0.89]
| Q=107.11, df = 19.00, p= 0.00 I 0 =475.32, df = 19.00, p= 0.00
: 12 =82.26 [75.23 - 89.29] } 12 = 96.00 [94.98 - 97.02]
00 10 00 10
SENSITIVITY SPECTFICITY

Forest plots indicating sensitivity and specificity of near-infrared spectroscopy (NIRS) in detecting intracranial hematoma.

Studyld | DLR POSITIVE (95% CI) Studyld i DLR NEGATIVE (95% CI)
[
Yuksen /2020 . } 1.73 [1.27-2.36] Yuksen /2020 --:— 0.09 [0.01 - 1.00]
Xw/2017 - 12.74 [4.28 - 37.90] Xw2017 | w4 0.05 [0.01 - 0.19]
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Liang/2016 }--- 14.08 [6.27 - 31.58] Liang/2016 -=— 0.02 [0.01 - 0.33]
Leon_carmon/2010 —f— 4.77[1.70 - 13.39] Leon_carrion/2010 -0;— 0.13 [0.03 - 0.49]
Kontojannis/2019 - 1.52[1.22 - 1.90] Kontojanms/2019 | —— 0.50 [0.33-0.74]
Kuschen/2021 o} 1.81 [1.32 - 2.50] Krschen/2021 : —-— 0.61 [0.41 - 0.51]
Kessel2007 [ 13.91 [5.17 - 37.41] Kessel2007 e— 0.34[0.20 - 0.58]
Gramer/2023 } . 19.93 [12.44 - 31.95) Gramer/2023 i 0.15 [0.06 - 0.24]
Ghalenoui/2008 -; 3.98 [2.70 - 5.87] Ghalenoui/2008 --:— 0.14 [0.07 - 0.31]
Francis/2005 —®—= | $5.50[5.34 - 1000.00] Francis/2005 -— 0.21 [0.07 - 0.63]
Esmaeili2022 - 7.25 [4.44 - 11.82)] Esmaeili2022 | ®) 0.06 [0.03 - 0.11]
Coskun/2010 -; 238[1.76-3.22 Coskun/2010 —i- 0.22[0.06 - 0.81]
Coskun/2010 . 1.41[1.04-1.93] Coskun/2010 e 0.33 [0.05 - 1.00]
Bressan/2013 J‘-I- 10.30 [3.58 - 29.61] Bressan/2013 —I-I 0.27 [0.02 - 1.00]
Akyol2016 . 2.57[1.76 - 3.76] Akyol 2016 —%—— | 021[003-1.00]
| I
COMBINED ? 4.82[2.90 - 8.00] COMBINED {) 0.17[0.11 - 0.28]
[ Q =407.08.df =19.00.p = 0.00 I Q=138.18,df =19.00,p = 0.00
} 12 = 94.08 [94.08 - 96.58] ! 12 = 86.25 [81.18 - 91.32]
04 10000 0 1
DLR POSITIVE DLR NEGATIVE

Forest plots indicating positive and negative diagnostic likelihood ratio (DLR) of near-infrared spectroscopy (NIRS) in detecting
intracranial hematoma.
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StudyId i DIAGNOSTIC SCORE (95% CT) Studyld i 0DDS RATIO (95% CT)
i |
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Forest plots indicating diagnostic score and diagnostic odds ratio of near-infrared spectroscopy (NIRS) in detecting intracranial
hematoma.
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Deeks' Funnel Plot Asymmetry Test
pvalue = 0.68
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Deeks’ Funnel plot asymmetry tests indicate no evidence of publication bias for diagnostic yield of near-infrared spectroscopy

(NIRS) in detecting intracranial hematoma.
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